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OPERATION OF DESCENT MODULE OF THE MARS-6 AUTOMATIC 
INTERPLANETARY STATION I N  THE MARTIAN ATMOSPHERE 

S.S. Sokolov, V.G. Fokin, V.P. Bur tsev ,  R.S. Romanov, 
M.K. Rozhdestvenskiy, V.P. Karyagin, N.F. Borodin, 

V.F. Ivannikov, V . I .  S h k i r i n a ,  L.V. Nikolayenko, 
V.V. Kerzhanovich, and B.B. Kotov 

The Mars-6 automatic  i n t e r p l a n e t a r y  s t a t i o n  (AIS)  launched 
5 August 1973 reached t h e  v i c i n i t y  of Mars on 1 2  March 1974. 

Along t h e  approach t o  Mars a t  a d i s t a n c e  of %46,000 km from 
t h e  p l a n e t ,  a t  8 hours 0.1 min 56 s e c l ,  t h e  descent  module (DM) 
was separa ted .  By means of t h e  engine t h e  descent  module was 
t r a n s f e r r e d  t o  a t r a j e c t o r y  of  approach t o  Mars. Here the  o r b i t a l  
module (OM)  continued i t s  f l i g h t  a long t h e  f lyby t r a j e c t o r y  w i t h  

a minimum d i s t a n c e  from t h e  p l a n e t a r y  s u r f a c e  of  about 1600 km. 

A t  12 hours 05 rnin 53 s e c ,  t h e  descent  module e n t e r e d  t h e  
Mart ian atmosphere a t  t h e  v e l o c i t y  5600 m/sec. After aerodynamic 
braking on a t t a inment  of a v e l o c i t y  of ~ 6 0 0  m/sec a t  1 2  hours  
08 min 32 sec ,  t h e  parachute  system was a c t i v a t e d .  The descen t  
module of t h e  Mars-6 AIS reached t h e  s u r f a c e  of  Mars a t  1 2  hours 
11 rnin 05 sec  i n  a reg ion  wi th  nominal coord ina tes  23.g0 S . l a t .  
and 19.5O W.long. ( s e e  Fig.  2 on t e x t  page 6 [of t h i s  j o u r n a l  
i s s u e ] ) .  

The e n t i r e  s e c t i o n  of  t h e  descent  -- from atmospheric  e n t r y  
and aerodynamic braking t o  t h e  descent  by parachute  i n c l u s i v e l y  -- 
occurred as p e r  t h e  program and l a s t e d  5.2 min. 

- - -  - . 

' Here and i n  t h e  fo l lowing t h e  Moscow time of s i g n a l  r e c e p t i o n  
on E a r t h  i s  given. 

* Numbers i n  t h e  margin I n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  



Over t h e  s e c t i o n  o f  motion up t o  atmospheric  e n t r y  and d u r i n g  
motion i n  t h e  atmosphere of  t h e  p l a n e t  Mars, d a t a  r e l a y e d  d i r e c t l y  
t o  E a r t h  were s e n t  v i a  r a d i o  t e l e m e t r y  s i g n a l s .  

The r a d i o  complex of  t h e  DM func t ioned  from t h e  moment o f  
a c t i v a t i o n  of t h e  pa rachu te  system t o  t h e  end of t h e  f l i g h t .  
Transmission o f  t h e  s i g n a l  h a l t e d  i n  s150 s e c  from t h e  monent t h e  
DM r a d i o  complex was t u r n e d  on ( n e a r  t h e  s u r f a c e ) .  

During t h e  descent  d a t a  on g-loads a long  t h e  s e c t i o n  of aero-  
dynamic braking ,  p r e s s u r e ,  a tmospheric  t empera tu re ,  and a l t i t u d e  
above t h e  s u r f a c e  f o r  pa rachu te  motion were ob ta ined ;  Doppler 
measurements were a l s o  made of t h e  DM v e l o c i t y  r e l a t i v e  t o  t h e  
o r b i t a l  module over  t h e  s e c t i o n  o f  motion a f t e r  s t a g i n g  and up t o  
t h e  end of  t h e  f l i g h t  [I]. 

1. B r i e f  Desc r ip t ion  of  Descent Module 

The descent  module (F ig .  1) was eqi w i t h  systems and 

dev ices  ensu r ing  s e p a r a t i o n  of  t h e  c r a f t  from t h e  o r b i t z l  moduls 
and a l s o  a  s o f t  l a n d i n g  on t h e  Mart ian s u r b c e  [2]. 

Design-wise, t h e  c r a f t  was a r i g i d  coup l ing  o f  t h e  main 
components: t h e  au tomat ic  Mart ian s t a t i o n ,  t h e  ins t rument-  
parachute  c o n t a i n e r ,  and t h e  a e r o s h e l l .  The upper 
p a r t  of t h e  module housed aconnec t ing  frame j o i n i n g  t h e  descent  - /10 
module wi th  t h e  o r b i t a l  module. The frame housed t h e  engine 
f o r  DM s e p a r a t i o n  and t h e  i n s t a l l a t i o n s  of  a  number o f  systems.  

The ins t rument-parachute  c o n t a i n e r  was i n s t a l l e d  d i r e c t l y  i n  
t h e  upper p a r t  o f  t h e  Mart ian s t a t i o n .  It  housed t h e  drogue and 
main pa rachu tes ,  t h e  engine  f o r  deploying  of drogue pa rachu te ,  and 
t h e  s o f t - l a n d i n g  r e t ro -eng ine ,  t h e  an tennas  o f  t h e  r a d i o  a l t i m e t e r ,  
t h e  an tennas  f o r  communication wi th  t h e  o r b i t a l  module, and some 
cf t h e  s c i e n t i f i c  in s t rumen ta t ion .  







I t h e  corresponding equipment on t h e  OM of t h e  Mars-6 s t a t i o n  made 
i 
I p o s s i b l e  r e c e p t i o n  and r e l a y i n g  t o  E a r t h  of  s c i e n t i f i c  and t e l e -  

metry d a t a  d u r i n g  t h e  pa rachu te  d e s c e n t ,  as w e l l  as in fo rma t ion  on 
t h e  o p e r a t i o n  of onboard systems and t h e  motion o f  t h e  DM over  t h e  
e n t i r e  s e c t i o n  o f  t h e  f l i g h t  from t h e  moment o f  s e p a r a t i o n  t o  
l aud ing .  

During t h e  descen t  of  t h e  DM Ln t h e  atmosphere,  t h e  fo l lowing  - / 12  

equipment f u n c t i o n s :  

a )  tempera ture  and p r e s s u r e  meter .  Membrane manometers and 
r e s i s t a n c e  thermometers s e r v e d a s  t h e  s e n s o r s  of p r e s s u r e  P and 
tempera ture  T .  The range  o f  t empera tu res  measured ove r  t h e  descen t  
s e c t i o n  i s  -150 t o  +50°C wi th  a root-mean-square [rms] measurement 
e r r o r  of k5$ of t h e  t o t a l  s c a l e .  The p r e s s u r e  sensor  was designed 
forameasurement  range 0-12 mbar, w i th  an rms e r r o r  of +5$ of t h e  
measurement s c a l e  i n  t h e  -20 t o  t53OC tempera ture  range;  

b) a mass spec t romete r  whose f u n c t i o n  inc luded de te rmin ing  
t h e  chemical composition of t h e  near -p lane tary  l a y e r  o f  t h e  
atmosphere ; 

c )  a  g-load meter ,  whoee composition inc luded a  s e n s o r  snd a  
memory device .  The range  o f  g-load measurementwas +32 t o  -4 u n i t s .  
The t o t a l  measurement e r r o r  a t  maximum g-loadwas + 0 , 2 %  o f  t h e  
measurement range ,  wh ichcor responded to  k0.45 u n i t .  The i n s t r u -  
ment r e c o r d e d t h e  moments t h a t  s p e c i f i e d  g- loads a r e  reached,  t h e  
maximum g-load, and t h e  i n s t a n t  of  time corresponding  t o  i t ;  and 

d )  informat ion  on t h e  i n s t a n t a n e o u s  a l t i t u d e  o v e r  t h e  s e c t i o n  
of t h e  parachute  descent  was provided w l t h  t h e  h i g h - a l t i t u d e  r a d i o  

I a l t i m e t e r  (HARA) . 



2.  Operation of Descent Module 

The motion of t h e  DM a f t e r  i t s  s t a g i n g  from t h e  o r b i t a l  module 
o f  t h e  Mars-6 s t a t i o n  was d iv ided  i n t o  t h e  fo l lowing sec t ior is  
( F i g .  2 ) .  

a )  Extra-atmospheric s e c t i o n .  Before t h e  descent  module 
s t a g e s  from t h e  o r b i t a l  module, t h e  f i n a l  c o r r e c t i o n  and t u r n i n g  i. 

of t h e  s t a t i o n  were c a r r i e d  out  i n  t h e  near-p lanetary  comrnunications a 

s e s s i o n .  Roughly 10 min be fo re  s t a g i n g  a  r a d i o  systemwas a c t i -  
va ted ,  which t r a n s m i t s  t o  t h e  o r b i t a l  module t e l emet ry  d a t a  on 
t h e  func t ion ing  o f  t h e  onboard equipment of t h e  DM. Th i s  system 
m o n i t o r e d t h e a t t i t u d e  of t h e  DM, angu la r  v e l o c i t i e s ,  power l e v e l s  
of t r a n s m i t t e r s ,  and o t h e r  s e r v i c e  parameters  of t h e  DM. After 

s t a g i n g ,  a  p rogramed  t u r n  of  t h e  descerit module was e f f e c t e d  t o  
.r 

provide  t h e  o r i e n t e d  atmospheric e n t r y  wi th  minimum ang le  of  at-  
t a c k  and a  t w i s t  of t h e  DM t o  s t a b i l i z e  i t s  motion. < .  

! .  

i : 

b) Motio:? of DM i n  p l a n e t a r y  atmosphere. The e n t r y  of t h e  
DM i n t o  t h e  p l a n e t a r y  atmospherewas an o r i e n t e d  e n t r y ,  w i t h  a  
near-zero angle  of a t t a c k .  

The des ign  e n t r y  cond i t ionswere  t h e s e :  Hen = 100 km, 
Ven = 5600 m/sec, and €Ien = -14  r 4 O .  

On e n t e r i n g  t h e  atmosphere, t h e  DM e f f e c t e d  a  b a l l i s t i c  
descen t ,  c a r r y i n g  out  d e c e l e r a t i o n  by means of  a  bow s h i e l d  (cone) .  

On a t t a i n i n g  t h e  l o n g i t u d i n a l  g-load nxv-2+0.5, t h e  twist of - 
t h e  DMstopped ( b y  means of e n g i n e s ) .  Simultaneously,  power was 
f e d  t o  t h e  r a d i o  altimeters, t h e  memory of t h e  g-load meter ,  t h e  
t r i g g e r i n g  cf t h e  r a d i o  te lemetry  system f o r  monitoring motion 
wasrepeated ,  and a  sensor  subsequently genera t ing  a s i g n a l  f o r  
deployment of t h e  parachute  systemwas a c t i v a t e d .  A f t e r  pass ing  



t h e  peak g-load when t h e  s e n s o r w a s t r i g g e r e d ,  a  cascaded para-  
chute  s y s t e m w a s a c t i v a t e d  ( a  drogue, then  t h e  main parachute ,  
i n i t i a l l y  f l u t e d ) .  During t h i s  time t h e  s c i e n t i f i c  ins t ruments  
were switched on a long wi th  t h e  program-timing mechanism of t h e  
landing c o n t r o l  system (PTM). 

The des ign  a l t i t u d e  of parachute  system (PS) deployment, as 
a  func t ion  of ang le  of atmospheric  e n t r y , w a s i n  t h e  range 
H = 5-10 km ( f o r  t h e  des ign  atmospheric model PO = 5 mbar, 
T  = 210°K). The ang le  of  i n c l i n a t i o n  of t h e  t r a j e c t c r y w a s  [symbol 

n o t  given1 p, = -20' t o  -18'. 
* ~ 

Furthex* opera t ion  of  t h e  DM systems a long t h e  parachute  
descent  s e c t i o n  was e f f e c t e d  by ccmmands of t h e  PTM a l l  t h e  way 

u n t i l  t h e  so f t - l and ing  engine i s  f i r e d .  

A f t e r  deployment of t h e  parachute  system, t h e  g r a v i t a t i o n a l  - /13 
i 

t u r n i n g  of  t h e  t r a j e c t o r y  occurs .  The r a t e  of descent  by para-  
chute  was wi th in  t h e  range Vps = 55-70 m/sec by t h e  moment t h e  1 i 
sof t - l and ing  engine w s s t r i g g e r e d ,  wi th  r e f e r e n c e  t o  t h e  s c a t t e r  
ranges  of a l l  t h e  i n i t i a l  c h a r a c t e r i s t i c s .  The f i r i n g  of t h e  
so f t - l and ing  engine occurred by  command of  t h e  low-a l t i tude  r a d i o  
sensor  d i r e c t l y  a t  t h e  s u r f a c e .  The r e l e a s e  of  t h e  engine from 
t h e  AIS o c c u r r e d o n a t t a i n i n g t h e  normal descent  v e l o c i t y  
krel = -6.5 2 1.7 m/sec. The p a r t i n g  of t h e  separa ted  p a r t s  was 
e f f e c t e d  wi th  t h e  so f t - l and ing  engine.  

The automatic  Martian s t a t i o n  a f t e r  r e l e a s e  was i n  f r e e  
f a l l  from t h e  a l t i t u d e  Hrel = 1.5-7 m onto t h e  s u r f a c e  of  t h e  
p l a n e t .  The r a t e  of c r a f t  c o l l i s i o n  wi th  t h e  s u r f a c e  (a long  t h e  
normal t o  t h e  our face )  d i d  not  exceed 12 m/sec. Ia l and ing ,  t h i s  
ve loc i tywas  taken up by shock absorbers .  

Analysis  of d a t a  obta ined.  The ang le  of  t h e  t r a J e c t o r y  dur ing  / 1 4  -- 
atmospheric e n t r y  a t  t h e  a l t i t u d e  Hen = 100 km was een * 1 1 . 7 5  1.5'. 



Fig .  3 .  Long i tud ina l  g-loads i n  descen t  
i n  t h e  Mart ian atmosphere ( i n  E a r t h  u n i t s ) .  
C a l c u l a t i o n  f o r  t h e  atmospheric  model w i t h  
Po = 5 mbar. 1. Measurements. 

Key: a .  een 
5. t ,  s e c  

F ig .  4. T o t a l  descen t  t ime from moment o f  
e n t r y  i n t o  p l a n e t a r y  atmosphere.  

Key: a. H ,  km 
b e  een 
c .  Deployment of  p a r R r h u t e  system 
d.  P .  mbar 
e .  ~ e a s u r e m e n t s :  B ! ~ ~ ~ G ~ A L P A G E I S  f . L o a s o f s i g n a l  

OF POOR Q U A L I ~ " ~  g. t ,  s e c  



The measured l o n g i t u d i n a l  g-loads obta ined by t h e  memory 
f i t t e d  q u i t e  c l o s e l y  onto  t h e  c a l c u l a t e d  g-load curve wi th  
een = -12' obta ined f o r  t h e  assumed c a l c u l a t e d  model of t h e  p!,.., 
n e t a r y  atmosphere wi th  Po = 5 mbar and To = 210°K (Fig .  3 ) .  This  

a f f o r d s  grounds t o  employ t h i s  atmospheric model i n  subsequent 
a n a l y s i s .  

From t h e  Doppler u<asurements we have: 

F ig .  5. Time of descent  
of DM on parachute.  
Key: a .  H ,  km; 

H m e a s ~ r e d  by r a d i o  a l -  
t i m  c .  t p ~ ~ ,  aec;  
d.  0, ; f .  end 
of te lemetry  a a t a  

t h e  i n s t a n t  of  s i g n a l  l o s s  due 
t o  t h e  appearance of  plasma was a t  
1 2  hours 06 min 19 sec, 

t h e  moment of  s i g n a l  appearance 
was 1 2  hours 07 min 32 s e c ,  

t h e  moment of parachute  system 
deployment was 1 2  hours 08 min 
32 sec  and 

t h e  moment of  l o s s  of  s i g n a l  
nea r  t h e  s u r f a c e  was 1 2  hours 
11 rnin 05 s e c .  

Thus, t o t a l  descent  t ime i n  t h e  
atmosphere from Doppler measurements 
was A t D  = 312 s e c  ED = Doppler]. 

The c a l c u l a t e d  time o f  descent  wi th  r e f e r e n c e  t o  t h e  i n d l -  
ca ted  p o s s i b l e  s c a t t e r  ranges  of  t h e  e n t r y  ang le  (Age, = i1.5O) 
f o r  t h e  c a l c u l a t i o n  atmospheric model Po = 5 mbar i s  A t c a l  = 
= 270-350 sec  (Fig .  4 ) .  Here, t o  balance t h e  f l i g h t  and ca lcu-  
l a t e d  descent  time i t  must be s t a t e d  t h a t  t h e  l and ing  o f  t h e  
automatic  Mart ian s t a t i o n  occurred i n  an  a r e a  t h a t  was depressed 



Fig .  6.  Complex a n a l y s i s  o f  c a l c u l a t e d  and 
measured v a l u e s  o v e r  t h e  d e s c e n t  s e c t i o n  o f  
t h e  DM o f  t h e  Mars-6 AIS. 1. Measurements 
o f  VD; 2 .  measurements o f n x ;  3 .  measurements 
o f  P. 

Key: a .  VD9 km/sec 
b.  P ,  mbar 
C .  t ,  s e c  

r e l a t i v e  t o  t h e  p r o v i s i o n a l  z e r o  c a l c u l a t e d  s u r f a c e  l e v e l  ( b ~  

on t h e  Po = 5 mbar model) by AH n -1000 m,  t h a t  i s 3  t h e  p re s :  
a t  t h e  l a n d i n g  s i t e  must be PO = 6 mbar. 

Te lemet ry  d a t a  o b t a i n e d  from t h e  d e s c e n t  s e c t i o n  by para-  
c h u t e  went on f o r  149.22 s e c .  The t o t a l  d e s c e n t  time by p a r a c h u t e ,  
beg inn ing  from t h e  moment t h a t  t h e  s i g n a l  t o  deploy t h e  p a r a c h u t e  /15 
sys tem ("0" of  t h e  PTM) was aen t ,was  A t t , t p g  = 151.6 s e c .  

Comparison o f  t h e  expe r imen ta l  d e s c e n t  t ime  by p a r a c h u t e  w i t h  
t h e  c a l c u l a t e d  time ( F i g .  5 )  shows t h a t  t h e  c r a f t  l anded  a t  a  
s u r f a c e  t h a t  was AH 3 -750-2000 m below t h e  c a l c u l a t e d  z e r o  l e v e l  
( 5  mbar) ,  w i t h  p r e s s u r e  Po exp = 6 f 0.5 mbar. 

These c o n c l u s i o n s ,  o b t a i n e d  from measurements by t h e  Doppler 
sys tem and t e l e m e t r i c  d a t a  f rom t h e  p a r a c h u t e  s e c t i o n , w e r e  cor -  
f i rmed by r e a d i n g s  of t h e  h i g h - a l t i t u d e  r a d i o  altimeter. 

OBIGINAL PAGE IS 
3F POOR QUALITY 
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A complex a n a l y s i s  of a l l  t h e  informat ion  obta ined from t h e  
DM a f f o r d s  a  conclus ion  both  on t h e  c a l c u l a t e d  n a t u r e  of t h e  
descent  a s  w e l l  a s  on t h e  parameters  of  t h e  Martian atmosphere 
i n  t h e  a r e a  of t h e  descent  of t h e  DM of  t h e  Mars-6 (Pig .  6 ) .  A s  
a  r e s u l t  of  t h e s e  c a l c u l a t i o n s ,  i n  which t h e  c a l c u l a t e d  curves  of 
p r e s s u r e  P ( t ) ,  g-load n , ( t ) ,  a l t i t u d e  H ( t )  and Doppler v e l o c i t y  
V D ( t )  were brought i n t o  agreement wi th  measurements wi th  t i e - i n  
t o  ins tan taneous  t ime,  it was z ~ ~ n d  t h a t  an atmosphere w i t h  t h e  
fo l lowing parameters  s a t i s f i e s  th i s  t i e - i n  c f  c e l c u l a t i o n s  and 
measurements: 

temperature n e a r  su r face  -- To = 230°K 
temperature g r a d i e n t  -- y = 2.S0/km and 
p ressure  a t  c a l c u l a t e d  s u r f a c e  -- PO = 5.9 mbar. 

It should be noted t h a t  t h e  r e s u l t s  of analyzing the des-ent  
of  t h e  DM of Mars-6 i n  t h e  Martian atmosphere p resen ted  he re  a r e  
pre l iminary  and a r e  s u b j e c t  t o  r e v i s i o n .  
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